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Les Notes d'Études et de Recherche reflètent les idées personnelles de leurs auteurs et n'expriment pas
nécessairement la position de la Banque de France.Wkh H{shfwdwlrqv K|srwkhvlv ri wkh Whup
Vwuxfwxuh= Whvwv rq XV/ Jhupdq/ Iuhqfk/ dqg XN
Hxur0udwhv
Hulf Mrqghdxd>￿/ Urodqg Ulfduwd
dEdqtxh gh Iudqfh/ 64 uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv/ Iudqfh
Uhylvhg Gudiw= Ghfhpehu 4<<;
Devwudfw
Wklv sdshu whvwv wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh rq XV/
Jhupdq/ Iuhqfk/ dqg XN Hxur0udwhv1 Wkuhh whvwv duh h{dplqhg= wkh ￿uvw
lv edvhg rq iruzdug udwhv dqg wkh rwkhu wzr duh edvhg rq wkh lqwhuhvw udwhv
vsuhdg1 Iluvw/ zh vkrz wkdw wkh cvljq sx}}oh* kljkoljkwhg e| Fdpsehoo dqg
Vkloohu +4<<4, iru XV gdwd grhv qrw dulvh lq wkh fdvhv ri Iuhqfk dqg XN vkruw0
whup udwhv1 Vhfrqg/ zh sursrvh whvwv iru wkh h{shfwdwlrqv k|srwkhvlv edvhg rq
huuru0fruuhfwlrq prghov1 Zlwk wkhvh whvwv wkh vljq sx}}oh glvdsshduv/ exw wkh
cfrxqwu| sx}}oh* uhpdlqv1
Nh| zrugv= Whup vwuxfwxuh ri lqwhuhvw udwhv/ H{shfwdwlrqv k|srwkhvlv/ Huuru0
fruuhfwlrq prgho1
Fodvvl￿fdwlrq MHO= H761
￿Fruuhvsrqglqj dxwkru= Who1= .40750<507<0;</ id{= .40750<505:099/ h0pdlo= hmrqghdxCedqtxh0
iudqfh1iu1
44 Lqwurgxfwlrq
Wkh uhodwlrqvkls ehwzhhq orqj0whup dqg vkruw0whup lqwhuhvw udwhv kdv orqj ehhq uhf0
rjql}hg dv sod|lqj dq lpsruwdqw uroh iru pdfurhfrqrplf prghoolqj dqg wkh frqgxfw
ri prqhwdu| srolf|1 D frqyhqlhqw zd| wr ghdo zlwk wkh whup vwuxfwxuh lv wkh h{shf0
wdwlrqv k|srwkhvlv +HK,/ zklfk vwdwhv wkdw wkh orqj0whup lqwhuhvw udwh lv dq dyhudjh
ri h{shfwhg ixwxuh vkruw0whup udwhv/ soxv d wlph0lqghshqghqw ulvn suhplxp1 Wkh HK
kdv uhfhlyhg d juhdw ghdo ri dwwhqwlrq lq wkh hpslulfdo olwhudwxuh/ krzhyhu wkh hpslu0
lfdo hylghqfh ydulhv iurp rqh vwxg| wr wkh qh{w ghshqglqj rq wkh suhflvh lpsolfdwlrq
whvwhg/ wkh vhjphqw ri wkh |lhog fxuyh h{dplqhg ru wkh shulrg xqghu vwxg|1
Li zh irfxv ￿uvw rq XV udwhv/ wkh lpsolfdwlrqv ri wkh HK kdyh orqj ehhq frqwhvwhg
e| hpslulfdo zrun +vhh Vkloohu/ 4<<3/ iru d vxuyh|,1 Wkuhh vwdqgdug lpsolfdwlrqv
kdyh ehhq pruh vshfl￿fdoo| vwxglhg1 Wkh ￿uvw rqh vwdwhv wkdw wkh iruzdug udwh lv dq
xqeldvhg suhglfwru ri ixwxuh vsrw udwhv +Idpd/ 4<;7/ Idpd dqg Eolvv/ 4<;:/ Plvknlq/
4<;;,1 Lq wkh vhfrqg dqg wklug vshfl￿fdwlrqv/ wkh whup vsuhdg ￿wkh vsuhdg ehwzhhq
wkh orqj0whup udwh dqg wkh vkruw0whup udwh￿ lv dq xqeldvhg suhglfwru ri ixwxuh vkruw0
uxq fkdqjhv lq orqj0whup udwhv dv zhoo dv ri ixwxuh fxpxodwlyh fkdqjhv lq vkruw0whup
udwhv +Pdqnlz/ 4<;9/ Pdqnlz dqg Plurq/ 4<;9/ Fdpsehoo dqg Vkloohu/ 4<<4/ Hydqv
dqg Ohzlv/ 4<<7/ dqg Fdpsehoo/ 4<<8,1 Dowkrxjk iruzdug udwhv vhhp wr kdyh vrph
delolw| wr iruhfdvw ixwxuh vsrw udwhv/ wkh uhvxowv iru whup vsuhdgv duh pxfk pruh
sx}}olqj= wkh whup vsuhdg lv d jrrg suhglfwru ri ixwxuh fxpxodwlyh fkdqjhv lq vkruw0
whup udwhv +dowkrxjk wkhvh pryh e| ohvv wkdq suhglfwhg e| wkh HK,/ exw d ulvh ri
wkh vsuhdg lv jhqhudoo| iroorzhg e| d vxevhtxhqw ghfuhdvh/ udwkhu wkdq dq lqfuhdvh/ lq
wkh orqj0whup udwh1 Wklv cvljq sx}}oh* kdv ehhq kljkoljkwhg e| Fdpsehoo dqg Vkloohu
+4<<4, dqg pruh uhfhqwo| e| Kdugrxyholv +4<<7,1
Wkh lqwhuqdwlrqdo hylghqfh rq wkh HK lv dovr sx}}olqj1 Uhfhqw zrun rq wkh vkruw0
hqg ri wkh |lhog fxuyh +iru vhfxulwlhv zlwk d pdwxulw| ri rqh |hdu ru ohvv, vkrzv wkdw
wkh HK lv pruh riwhq dffhswhg zkhq Hxurshdq gdwd duh vwxglhg1 Lq dq lqwhuqdwlrqdo
frpsdulvrq edvhg rq wkh delolw| ri wkh vsuhdg wr iruhfdvw fxpxodwlyh fkdqjhv lq vkruw0
whup udwhv/ Jhuodfk dqg Vphwv +4<<:, frqfoxgh wkdw wkh whup vwuxfwxuh ri Hxur0groodu
udwhv lv wkh ohdvw idyrudeoh wr wkh HK/ zkloh iru Ehojlxp/ Iudqfh/ Jhupdq|/ Lwdo|/ dqg
Vsdlq wkh| ￿qg pruh hpslulfdo vxssruw iru wkh HK1 Xvlqj wkh vdph dssurdfk/ Kxuq
hw do1 +4<<8, dovr rewdlq uhvxowv lq idyru ri wkh HK iurp lqwhuhvw udwhv rq wkh XN
lqwhuedqn pdunhw1 Gdkotxlvw dqg Mrqvvrq +4<<8,/ xvlqj d whvw edvhg rq wkh iruzdug
udwh/ duh xqdeoh wr uhmhfw wkh HK iurp lqwhuhvw udwhv iru Vzhglvk Wuhdvxu| eloov1 Iurp
wklv zrun/ lw dsshduv wkdw wkh uhmhfwlrq ri wkh HK lv ohvv fohdu0fxw iru qrq0XV frxqwulhv1
Frqfhuqlqj wkh |lhog fxuyh iru pdwxulwlhv ri pruh wkdq rqh |hdu/ vrph vwxglhv
dovr ￿qg wkdw qrq0XV gdwd duh/ li dq|wklqj/ pruh vxssruwlyh ri wkh HK wkdq XV gdwd1
Lq wkhlu whvwv edvhg rq wkh iruzdug udwh iru Jhupdq|/ Vzlw}huodqg/ wkh XN/ dqg wkh
XV/ ehwzhhq 4<:6 dqg 4<;</ Mrulrq dqg Plvknlq +4<<4, ￿qg vrph vxssruw iru wkh
HK= uhjuhvvlqj wkh fkdqjh lq vsrw udwh rq wkh iruzdug0vsrw vsuhdg |lhogv frh!flhqwv
zklfk duh qrw vwdwlvwlfdoo| vljql￿fdqwo| gl￿huhqw iurp xqlw|1 Iru wkh XV/ krzhyhu/
wkhvh frh!flhqwv duh qhjdwlyh/ iru wkh vkruwhvw pdwxulw| sdluv1 Pruhryhu/ xvlqj gdwd
rq 60prqwk dqg 430|hdu udwhv iru wkh J: frxqwulhv/ Kdugrxyholv +4<<7, vwxglhv wkh
delolw| ri wkh whup vsuhdg wr iruhfdvw ixwxuh fkdqjhv lq orqj0whup udwhv1 Kh vkrzv
5wkdw wkh HK lv hdvlo| vxssruwhg lq doo frxqwulhv vwxglhg h{fhsw wkh XV1
Wkh dssurdfk ghyhorshg lq wklv sdshu lv edvhg rq wkh idfw wkdw lqwhuhvw udwhv duh
olnho| wr eh qrq0vwdwlrqdu|1 Wklv surshuw| lv lpsolflwo| wdnhq lqwr dffrxqw lq wkh
irupxodwlrq ri wkh vwdqgdug whvwv ri wkh HK e| xvlqj vsuhdgv dqg fkdqjhv lq lqwhuhvw
udwhv1 Qhyhuwkhohvv/ wkh g|qdplfv ri lqwhuhvw udwhv vkrxog eh vshfl￿hg lq wkh irup
ri dq huuru0fruuhfwlrq prgho +HFP,/ dv vkrzq e| Hqjoh dqg Judqjhu +4<;:,1 Wklv
rplvvlrq lq wkh vwdqgdug whvwv frxog ohdg wr vshfl￿fdwlrq eldvhv14
Lq wklv sdshu/ zh whvw wkh HK xvlqj hqg0ri0prqwk XV/ Jhupdq/ Iuhqfk/ dqg XN
Hxur0udwhv ehwzhhq Mdqxdu| 4<:8 dqg Ghfhpehu 4<<:1 Wkh pdlq hpslulfdo ￿qglqjv
duh dv iroorzv1 Xvlqj wkh vwdqgdug dssurdfk/ zh rewdlq wkh cfrxqwu| sx}}oh*= wkh HK
lv vxssruwhg e| wkh gdwd iru Iudqfh dqg wkh XN/ lqghshqghqwo| ri wkh vshfl￿fdwlrq
whvwhg> krzhyhu iru wkh XV dqg Jhupdq| lw lv uhmhfwhg1 Iru wkh odwwhu wzr frxqwulhv/
zh ￿qg wkh cvljq sx}}oh*= wkh vorsh sdudphwhu lv forvh wr xqlw| zkhq wkh whup vsuhdg
lv xvhg wr suhglfw fxpxodwlyh fkdqjhv lq wkh vkruw0whup udwhv> exw lw lv qhjdwlyh zkhq
wkh vsuhdg lv xvhg wr suhglfw vkruw0uxq fkdqjhv lq wkh orqj0whup udwhv1 Xvlqj wkh HFP
dssurdfk/ wkh vljq sx}}oh glvdsshduv/ dqg wkh hvwlpdwhg frh!flhqwv duh jhqhudoo| forvh
wr wkh ydoxh suhglfwhg e| wkh HK1 Krzhyhu/ wkh frxqwu| sx}}oh uhpdlqv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh wkuhh
vwdqgdug whvwv ri wkh HK dqg wkh hpslulfdo uhvxowv rewdlqhg iru wkh irxu frxqwulhv
vwxglhg1 Vhfwlrq 6 ghdov zlwk wkh whvwv ri wkh HK lq dq HFP iudphzrun1 Lq Vhfwlrq
7/ zh sursrvh vrph lqwhusuhwdwlrqv ri wkh uhvxowv rewdlqhg zlwk wkh vwdqgdug dssurdfk
dqg wkh HFPv1 Rxu frqfoxvlrqv duh vxppdul}hg lq Vhfwlrq 81
5 Wkh HK Dffruglqj wr wkh Vwdqgdug Dssurdfk
514 Gh￿qlwlrq ri ulvn suhpld
Wkh HK vwdwhv wkdw wzr lqyhvwphqw vwudwhjlhv dssolhg dw | iru wkh vdph krul}rq pxvw
kdyh wkh vdph h{shfwhg |lhog/ xs wr d whup suhplxp/ zklfk lv vxssrvhg frqvwdqw
ryhu wlph exw srvvleo| pdwxulw|0ghshqghqw1 Vkloohu +4<<3, gh￿qhv wkuhh gl￿huhqw
wlph0lqghshqghqw whup suhpld1
Wkh iruzdug whup suhplxp )
E6c?￿
s lv wkh gl￿huhqfh ehwzhhq wkh |lhog rq d iruzdug
lqyhvwphqw dw | lq ? ￿ 6 shulrgv rq d vhfxulw| pdwxulqj dw | n ? dqg wkh h{shfwhg







|n?36 f ￿6￿? +4,
zkhuh .| ghqrwhv wkh pdwkhpdwlfdo h{shfwdwlrq frqglwlrqdo rq lqirupdwlrq dydlodeoh
dw wlph | dqg o
E6￿
| lv wkh |lhog dw wlph | ri d }hur0frxsrq erqg zlwk d pdwxulw| ri 61
Wkh iruzdug udwh lv wkh |lhog dw | rq kroglqj d }hur0frxsrq erqg zlwk d pdwxulw| ri














4Vhh Kdnnlr dqg Uxvk +4<;<, lq wkh frqwh{w ri h{fkdqjh udwh prghoolqj1
6Wkh kroglqj0shulrg whup suhplxp )
E6c?￿
￿ lv wkh gl￿huhqfh ehwzhhq wkh h{shfwhg
|lhog dw | iurp ex|lqj dw | d vhfxulw| pdwxulqj dw | n ? dqg vhoolqj lw dw | n 6/d q g







| f ￿6￿? +5,
zkhuh wkh kroglqj0shulrg uhwxuq lv wkh |lhog dw | iurp wkh sxufkdvh ri d }hur0frxsrq














Odvwo|/ wkh uroo0ryhu whup suhplxp )
E6c?￿
& lv wkh gl￿huhqfh ehwzhhq wkh |lhog rq
wkh vsrw sxufkdvh dw | ri d vhfxulw| pdwxulqj dw | n ? dqg wkh h{shfwhg |lhog dw |








| f ￿6￿? +6,
zkhuh ?
6 lv dq lqwhjhu1 Wkh uroo0ryhu uhwxuq lv wkh |lhog dw | iurp vxffhvvlyh sxufkdvhv













515 Wkh vshfl￿fdwlrqv edvhg rq wkh vwdqgdug dssurdfk
Wkuhh whvwv fdq eh gluhfwo| ghulyhg iurp htxdwlrqv +4, wr +6,1 Lq hdfk fdvh/ wkh
uhodwlrqvkls lv vshfl￿hg zlwk d fkdqjh lq dq lqwhuhvw udwh rq wkh OKV dqg d vsuhdg
rq wkh UKV1 Wklv lv grqh wr wdnh dffrxqw ri wkh srvvleoh qrq0vwdwlrqdulw| ri lqwhuhvw
udwhv1
Wkh ￿uvw htxdwlrq lv edvhg rq wkh uhodwlrqvkls ehwzhhq wkh h{shfwhg fkdqjh lq















s 1+ 7 ,
Wkh vhfrqg htxdwlrq lv edvhg rq wkh uhodwlrqvkls ehwzhhq wkh h{shfwhg fkdqjh lq




















￿ 1+ 8 ,
Wkh wklug htxdwlrq lv edvhg rq wkh uhodwlrqvkls ehwzhhq wkh dyhudjh h{shfwhg






























Htxdwlrq +7, lqglfdwhv wkdw zkhq wkh iruzdug udwh lv juhdwhu wkdq wkh vsrw udwh/
wkhq djhqwv h{shfw dq lqfuhdvh lq wkh ixwxuh vsrw udwh1 Htxdwlrqv +8, dqg +9, vkrz
7wkdw dq lqfuhdvh lq wkh whup vsuhdg vkrxog eh dffrpsdqlhg e| d ixwxuh lqfuhdvh lq
erwk orqj0whup udwhv dqg vkruw0whup udwhv1 Wkh lqlwldo vsuhdg zloo ghfuhdvh krzhyhu/
dv wkh vkruw0whup udwh vkrxog ulvh e| pruh wkdq wkh orqj0whup udwh +li ?:26,1
Vlqfh wkh htxdwlrqv +7, ￿ +9, duh gluhfwo| ghulyhg iurp wkh HK/ li rqh ri wkhp
krogv iru dq| 6 dqg dq| ?/ wkhq wkh rwkhu wzr vkrxog dovr krog iru dq| 6 dqg dq|
?1 Qhyhuwkhohvv/ wkhvh gl￿huhqw vshfl￿fdwlrqv kdyh ehhq h{whqvlyho| vwxglhg lq wkh
hpslulfdo olwhudwxuh/ ehfdxvh wkh| hqdeoh wr irfxv rq gl￿huhqw dvshfwv ri wkh HK1
Hdfk ri wkhp fdq eh xvhixo iru h{dplqlqj d gl￿huhqw dvshfw ri wkh HK1
516 Wkh hpslulfdo uhvxowv
Zh frqvlghu Hxur0udwhv dw irxu pdwxulwlhv +rqh prqwk/ wkuhh prqwkv/ vl{ prqwkv/ dqg
rqh |hdu, dqg iru irxu frxqwulhv +wkh XV/ Jhupdq|/ Iudqfh/ dqg wkh XN,1 Wkh vdpsoh
fryhuv wkh shulrg iurp Mdqxdu| 4<:8 wr Ghfhpehu 4<<:1 Wkh gdwd duh hqg0ri0prqwk
dyhudjhv ri elg dqg dvn txrwhv/ jlylqj xv 5:9 revhuydwlrqv1 Wkh gdwd frph iurp
Gdwdvwuhdp1 Lqwhuhvw udwhv duh h{suhvvhg dv frqwlqxrxvo| frpsrxqghg }hur0frxsrq
udwhv/ dv uhfrpphqghg e| PfFxoorfk +4<<6, dqg Vkhd +4<<5,15 Wkh fkrlfh ri Hxur0
udwhv vwhpv iurp d frqfhuq iru krprjhqhlw| ehwzhhq wkh pdunhwv xqghu vwxg|/ zklfk
doorzv lqwhuqdwlrqdo frpsdulvrqv ri wkh uhvxowv1
Lq Wdeoh 4/ zh uhsruw wkh uhvxowv ri DGI whvwv iru wkh gl￿huhqw gdwd vhulhv1 Lw
dsshduv wkdw }hur0frxsrq udwhv/ zklfk duh wkh edvlv iru gh￿qlqj doo ri wkh rwkhu |lhogv/
duh doo lqwhjudwhg ri rughu rqh dw d 8( vljql￿fdqfh ohyho lq doo frxqwulhv dqg iru doo
pdwxulwlhv1 Lq prvw ri wkh fdvhv +h{fhsw iru E6c?￿’E ￿ c￿2￿ dqg ESc￿2￿ prqwkv lq wkh
XV,/ wkh whup vsuhdgv dqg wkh iruzdug0vsrw vsuhdgv fdq eh frqvlghuhg dv vwdwlrqdu|1
Wklv lpsolhv wkdw iru doprvw doo sdluv ri pdwxulwlhv/ wkh vwdqgdug uhjuhvvlrqv duh zhoo
edodqfhg= wkh OKV yduldeoh dv zhoo dv wkh UKV yduldeoh duh vwdwlrqdu|1
Htxdwlrqv +7, ￿ +9, duh wkhq xvhg wr whvw wkh HK1 Wkhlu hvwlpdwlrq uhtxluhv d ixu0
wkhu dvvxpswlrq ri udwlrqdo h{shfwdwlrqv1 Lqghhg/ xqghu wklv dgglwlrqdo dvvxpswlrq/









































n ￿&c|n?361+ < ,
zkhuh ￿￿c|/ ￿ ’ s/ ￿/ &/ lv dq huuru whup1
Lq lwv csxuh* irup/ wkh HK lpsolhv wkdw k￿ ’fdqg q￿ ’￿ / exw/ lq hpslulfdo zrun/
wkh qxoo suhplxp k|srwkhvlv +k￿ ’f , lv riwhq qhjohfwhg wr frqfhqwudwh rq sdudphwhu
q￿ ehlqj htxdo wr rqh1 Wklv lv frqvlvwhqw zlwk ulvn suhpld frqvwdqw ryhu wlph/ exw
pdwxulw| ghshqghqw1
Wdeoh 5 vkrzv wkh hvwlpdwhv ri q￿/ ￿ ’ s/ ￿/ &/ wkh dv|pswrwlf vwdqgdug ghyld0
wlrqv/ wkh fruuhfwhg -2 dqg odvwo| wkh s0ydoxh iru wkh whvw iru q￿ ’￿ 1 Dv|pswrwlf
5Lqwhuhvw udwhv iru lqwhuphgldwh pdwxulwlhv +xvhg wr frpsxwh vrph iruzdug udwhv dqg kroglqj
udwhv, duh qrw dydlodeoh iru wkh zkroh shulrg/ vr wkh| duh rewdlqhg e| olqhdu lqwhusrodwlrq1 Wklv
whfkqltxh lv dgplwwhgo| lpshuihfw/ exw lw surylghv xqlirup gdwd dqg dyrlgv wkh lqkhuhqw hvwlpdwlrq
sureohpv lq frpsoh{ lqwhusrodwlrq surfhgxuhv1
8vwdqgdug ghyldwlrqv duh fruuhfwhg iru ryhuodsslqj iruhfdvw krul}rqv +Kdqvhq dqg Kr0
gulfn/ 4<;3,6 dqg iru khwhurvnhgdvwlflw| +Zklwh/ 4<;3,/ zkloh wkh yduldqfh0fryduldqfh
pdwul{ lv hvwlpdwhg dv vxjjhvwhg e| Qhzh| dqg Zhvw +4<;:,1 Wkh s0ydoxhv duh frp0
sxwhg iurp errwvwudsslqj vlpxodwlrqv17
Wkh vwdqgdug vshfl￿fdwlrqv +:, ￿ +<, duh hvwlpdwhg iru doo sdluv ri pdwxulwlhv rq
XV/ Jhupdq/ Iuhqfk dqg XN udwhv1 Zh rewdlq vxevwdqwldoo| gl￿huhqw uhvxowv dv idu
dv wkh HK lv frqfhuqhg1 Wkh uhvxowv iru XV udwhv duh yhu| vlplodu wr wkrvh rewdlqhg
lq suhylrxv vwxglhv= iru +:, dqg +<,/ qs dqg q& duh hvwlpdwhg wr eh vljql￿fdqwo| ohvv
wkdq rqh +ehwzhhq f￿￿ dqg f￿S,/ dqg iru +;, q￿ lv qhjdwlyh +ehwzhhq ￿f￿￿ dqg ￿f￿H,1
Wkh HK lv wkxv jhqhudoo| uhmhfwhg/ vlqfh zh duh xqdeoh wr uhmhfw wkh k|srwkhvlv wkdw
q￿ ’￿lq rqo| S ri ￿H fdvhv1 Pruhryhu/ lq doo fdvhv/ wkh 7 -2v duh forvh wr }hur1 Lq wkh
vdph zd|/ wkh HK lv jhqhudoo| uhmhfwhg iru Jhupdq udwhv/ zkdwhyhu wkh vshfl￿fdwlrq
+zh dffhsw wkh qxoo k|srwkhvlv lq rqo| . ri ￿H fdvhv,1 Wkh hvwlpdwhv ri qs dqg q& duh
vljql￿fdqwo| ohvv wkdq rqh +ehwzhhq f￿￿ dqg f￿., dqg wkh hvwlpdwhv ri q￿ duh qhjdwlyh
lq prvw fdvhv +ehwzhhq f￿￿ dqg ￿f￿S,1 Wkh 7 -2v duh djdlq yhu| orz +ohvv wkdq f￿￿.,1
Rq wkh frqwudu|/ iru Iuhqfk udwhv/ wkh HK lv doprvw qhyhu uhmhfwhg= zh uhmhfw wkh
qxoo k|srwkhvlv q￿ ’￿ / ￿ ’ s/ ￿/ &/ lq rqo| wzr fdvhv +E6c?￿’E ￿ c￿2￿ dqg E￿c￿2￿
prqwkv iru wkh iruzdug udwh uhodwlrq,1 Lw lv zruwk qrwlqj wkdw wkh hvwlpdwhv ri q￿
duh txlwh forvh wr hdfk rwkhu= wkh hvwlpdwhv ri q￿ +zklfk uh hfwv wkh olqn ehwzhhq
wkh whup vsuhdg dqg wkh fkdqjh lq wkh |lhog ri d orqj0whup erqg, duh forvh wr rqh/
ehwzhhq f￿D dqg ￿￿￿ +dqg qrw qhjdwlyh/ dv zlwk wkh XV dqg Jhupdq udwhv,> pruhryhu/
iru htxdwlrqv +:, dqg +<,/ wkh vsuhdgv frqwdlq vrph lqirupdwlrq derxw wkh fkdqjh lq
wkh ixwxuh udwhv +wkh 7 -2v udqjh iurp f￿2 wr f￿D,1 Dv idu dv XN udwhv duh frqfhuqhg/ wkh
HK lv dovr vxssruwhg e| wkh gdwd iru doprvw doo sdluv ri pdwxulwlhv1 Lw lv uhmhfwhg rqo|
iru wkh E￿c￿￿ dqg E￿cS￿ frpelqdwlrqv iru htxdwlrq +;,1 Iru +:, dqg +<,/ wkh vsuhdgv
duh lqirupdwlyh derxw wkh fkdqjh lq ixwxuh udwhv +wkh 7 -2v udqjh iurp f￿￿ wr f￿￿,/ exw
iru htxdwlrq +;, wkh 7 -2v duh forvh wr }hur1
Wkxv zh frqfoxgh wkdw/ dv idu dv wkh vwdqgdug dssurdfk lv frqfhuqhg/ wkh HK lv
jhqhudoo| vxssruwhg e| wkh Iuhqfk dqg XN gdwd/ zkhuhdv lw lv uhmhfwhg iru wkh XV dqg
Jhupdq gdwd1 Pruhryhu/ d vljq sx}}oh dulvhv= wkh hvwlpdwhv ri qs dqg q& duh srvlwlyh
exw ohvv wkdq 4/ zkhuhdv wkh hvwlpdwhv ri q￿ duh jhqhudoo| qhjdwlyh1
Eurdgo| vshdnlqj/ wkhvh uhvxowv duh frqvlvwhqw zlwk suhylrxv hpslulfdo hylghqfh1
Iru wkh XV/ zh ￿qg uhvxowv wkdw duh vlplodu wr wkrvh rewdlqhg/ h1j1/ e| Hydqv dqg
Ohzlv +4<<7, xvlqj XV Wuhdvxu| eloov ru e| Fdpsehoo +4<<8, xvlqj PfFxoorfk +4<<3,
sxuh glvfrxqw erqg |lhogv rq XV jryhuqphqw vhfxulwlhv1 Iru Jhupdq| zh ￿qg ohvv
hpslulfdo vxssruw iru wkh HK wkdq Jhuodfk dqg Vphwv +4<<:,/ zkr xvh hqg0ri0prqwk
Hxur0pdun udwhv= zh uhmhfw wkh qxoo k|srwkhvlv q& ’￿iru E6c?￿’E ￿ c￿￿ dqg E￿cS￿
6Dowkrxjk h{shfwdwlrqv huuruv duh vxssrvhg wr eh xqfruuhodwhg ryhu wlph/ uhvlgxdo whupv lq +:,
wr +<, duh qrw zklwh qrlvh1 Wkh| udwkhu iroorz PD+q ￿ p￿ 4,/P D +p ￿4, dqg PD+q ￿ p ￿4,
surfhvvhv uhvshfwlyho|1
7Wkh| duh rewdlqhg dv iroorzv= lq d ￿uvw vwhs/ wkh wzr yduldeohv ri wkh vwdqgdug vshfl￿fdwlrqv
duh hvwlpdwhg dv dq DU prgho +lq zklfk wkh odj ohqjwk lv rewdlqhg iurp wkh KT fulwhulrq,> d odujh
qxpehu ri vdpsohv ri wkh DU prgho lv wkhq rewdlqhg iurp vlpxodwlrqv ri wkh uhvlgxdov +jhqhudwhg
iurp wkh revhuyhg glvwulexwlrq ri wkh uhvlgxdov,> odvwo|/ wkh vwdqgdug vshfl￿fdwlrqv duh hvwlpdwhg dqg
wkh s0ydoxhv duh wkh sursruwlrq ri wkhvh vdpsohv iru zklfk wkh qxoo ￿l @4lv qrw uhmhfwhg1 Lq Wdeoh
6/ wkh s0ydoxhv iru wkh whvw ri wkh HK iurp wkh HFPv duh frpsxwhg lq d vlplodu zd|1
9prqwkv/ zkhuhdv wkh| uhmhfw wkh HK iru wkh E￿c￿￿ pdwxulw| sdlu rqo|1 Wklv voljkw
gl￿huhqfh ehwzhhq wkh wzr vwxglhv vhhpv wr eh pdlqo| h{sodlqhg e| wkh xvh ri gl￿huhqw
vdpsohv1 Lqghhg wkh vdpsoh xvhg e| Jhuodfk dqg Vphwv udqjhv iurp 4<:5 wr 4<<61
Exw gxulqj wkh 4<:60:7 rlo fulvlv/ zh revhuyh d odujh exw whpsrudu| lqfuhdvh lq wkh
vkruw0whup udwh1 Wklv ohg wr d odujh ghfuhdvh lq wkh whup vsuhdg dv zhoo dv lq wkh
uroo0ryhu vsuhdg/ dqg wkxv wr d kljkhu fruuhodwlrq ehwzhhq wkh wzr vhulhv1 Exw lw lv
qrwhzruwk| wkdw rxu uhmhfwlrq ri wkh HK xvlqj wkh vwdqgdug dssurdfk lv hvvhqwldoo|
edvhg rq uhvxowv ri htxdwlrqv +:, dqg +;,/ zklfk wr rxu nqrzohgjh kdyh qrw ehhq
hvwlpdwhg rq wkhvh gdwd1
Jhuodfk dqg Vphwv +4<<:, ￿qg d vwurqj hpslulfdo vxssruw iru wkh HK xvlqj Hxur0
iudqf udwhv ehwzhhq 4<:: dqg 4<<6 +hvvhqwldoo| wkh vdph vdpsoh dv rxuv,/ vlqfh wkh|
gr qrw uhmhfw wkh k|srwkhvlv q& ’￿iru wkh E6c?￿’E ￿ c￿￿/ E￿cS￿ dqg E￿c￿2￿ prqwkv1
Odvwo| frqfhuqlqj XN udwhv/ vrph uhfhqw zrun +Kxuq hw do1/ 4<<8/ Fxwkehuwvrq/ 4<<9/
xvlqj OLERU udwhv/ Fxwkehuwvrq hw do1/ 4<<9/ xvlqj FG udwhv, jhqhudoo| gr qrw uhmhfw
q& ’￿ 1
Wkh frqwudvw ehwzhhq wkh hpslulfdo hylghqfh lq ydulrxv frxqwulhv kdv douhdg| ehhq
qrwhg e| Kdugrxyholv +4<<7, iru wkh orqj hqg ri wkh |lhog fxuyh1 Khuh iru wkh vkruw
hqg ri wkh fxuyh zh rewdlq d vlplodu sx}}oh/ lq zklfk wkh HK lv uhmhfwhg iru erwk wkh
XV dqg Jhupdq|/ exw dffhswhg iru Iudqfh dqg wkh XN1
Pdq| h{sodqdwlrqv ri wkh uhmhfwlrq ri wkh HK kdyh ehhq dgydqfhg +h1j1/ Fdps0
ehoo dqg Vkloohu/ 4<<4/ ru Kdugrxyholv/ 4<<7/ iru dq ryhuylhz,1 Wkh prvw srsxodu
h{sodqdwlrqv duh phdvxuhphqw huuru lq orqj0whup udwh/ wkh cryhuuhdfwlrq* k|srwkhvlv
dqg wkh cyduldeoh ulvn suhplxp* k|srwkhvlv1 Wkh ￿uvw k|srwkhvlv dlpv wr h{sodlq zk|
zh rewdlq d eldv wrzdug ￿￿ lq uhjuhvvlrq +;, dqg d eldv wrzdug f rqo| lq uhjuhv0
vlrq +<, +Pdqnlz/ 4<;9/ ru Fdpsehoo/ 4<<8,1 Dffruglqj wr wkh vhfrqg h{sodqdwlrq/
orqj0whup udwhv ryhuuhdfw wr ixwxuh vkruw0whup udwhv/ txhvwlrqlqj wkh udwlrqdo h{shf0
wdwlrqv k|srwkhvlv vlqfh djhqwv pdnh v|vwhpdwlf h{shfwdwlrqv huuruv +Pdqnlz dqg
Vxpphuv/ 4<;7/ Kdugrxyholv/ 4<<7,1 Wkh yduldeoh ulvn suhplxp k|srwkhvlv vwdwhv
wkdw wkh orqj0whup udwh qrw rqo| frqwdlqv lqirupdwlrq derxw ixwxuh vkruw0whup udwhv/
exw dovr derxw d wlph0ydu|lqj ulvn suhplxp +Pdqnlz dqg Plurq/ 4<;9,1 Wkh pdlq
uhvxow rewdlqhg e| Kdugrxyholv +4<<7, lv wkdw wkh phdvxuhphqw huuru lq orqj0whup
udwh lv vx!flhqw wr h{sodlq wkh uhmhfwlrq ri wkh HK iru prvw ri wkh J: frxqwulhv +lq
sduwlfxodu Jhupdq|,1 Exw lq wkh XV fdvh/ hpslulfdo uhvxowv fdq eh h{sodlqhg rqo| e|
wkh ryhuuhdfwlrq k|srwkhvlv1
Zh frqvlghu lq wkh qh{w vhfwlrq dqrwkhu h{sodqdwlrq ri wkh vljq sx}}oh/ uhodwhg
wr wkh fkrlfh ri wkh yduldeohv hqwhulqj wkh vwdqgdug vshfl￿fdwlrqv1 Wklv dujxphqw
lv odujho| uhodwhg wr rqh sursrvhg e| Kdnnlr dqg Uxvk +4<;<,/ zkr vwdwh wkdw wkh
iruzdug udwh uhodwlrq lv qrw zhoo ehkdyhg wr whvw wkh HK1
6 Wkh HK lq dq HFP Dssurdfk
614 Frlqwhjudwlrq dqg wkh vwdqgdug dssurdfk
Prvw hpslulfdo zrun rq wkh HK kdv wdnhq dffrxqw ri wkh qrq0vwdwlrqdulw| ri lqwhuhvw
udwhv1 Lqghhg/ htxdwlrqv +:, ￿ +<, duh vshfl￿hg rqo| zlwk vwdwlrqdu| yduldeohv +fkdqjhv
:lq lqwhuhvw udwhv/ iruzdug0vsrw vsuhdg/ whup vsuhdg,1 Exw d frlqwhjudwlqj uhodwlrqvkls
ehwzhhq wzr vhulhv lpsolhv vrph uhvwulfwlrqv lq wkh vshfl￿fdwlrq ri wkh g|qdplfv ri
wkh vhulhv1 Pruh suhflvho|/ li wzr yduldeohv duh qrq0vwdwlrqdu| dqg frlqwhjudwhg/ wkhq
wkh ixoo g|qdplfv ri wkh v|vwhp fdq eh zulwwhq lq dq HFP irup +Hqjoh dqg Judqjhu/
4<;:,1
Wkh lpsolfdwlrqv iru wkh HK ri wkh srwhqwldo qrq0vwdwlrqdulw| ri lqwhuhvw udwhv kdyh
ehhq h{whqvlyho| vwxglhg +Fdpsehoo dqg Vkloohu/ 4<;:/ 4<;;/ Vkhd/ 4<<5,1 Vrph whvwv
ri wkh HK kdyh ehhq sursrvhg lq d uhvwulfwhg YDU iudphzrun/ lq zklfk wkh yduldeohv
duh wkh fkdqjh lq wkh vkruw0whup udwh dqg wkh vsuhdg1 Wkh prvw frpprqo| xvhg whvw
lv edvhg rq wkh vljql￿fdqfh ri sdvw dqg fxuuhqw vsuhdgv lq wkh htxdwlrq iru fkdqjhv
lq vkruw0whup udwhv1 Wklv whvw h{solflwo| wdnhv dffrxqw ri wkh surshuwlhv ri wkh vhulhv/
vlqfh lw lv ghulyhg iurp d uhvwulfwhg YDU +htxlydohqw wr wkh HFP uhsuhvhqwdwlrq,1
Krzhyhu wkh wkuhh vwdqgdug vshfl￿fdwlrqv ghvfulehg lq Vhfwlrq 5 duh qrw gluhfwo|
edvhg rq vxfk d iudphzrun1 Kdnnlr dqg Uxvk +4<;<, srlqw rxw wklv sureohp lq
frqqhfwlrq zlwk htxdwlrq +:,1 Wkh| vwxg| wkh frqvlvwhqf| ehwzhhq wkh HFP dqg wkh
vwdqgdug htxdwlrqv lq wkh whvw ri wkh h!flhqf| k|srwkhvlv rq wkh iruhljq h{fkdqjh
pdunhw1 Wkh| vkrz wkdw zkhq d vsrw udwh dqg d iruzdug udwh duh frlqwhjudwhg/ wkhq
wkh HFP lv wkh dssursuldwh iudphzrun iru whvwlqj h!flhqf|1 Lq wklv fdvh/ fduu|lqj rxw
wkh whvw zlwk wkh vwdqgdug htxdwlrq fdq ohdg wr d vshfl￿fdwlrq huuru1 Pruh suhflvho|/
wkh| vkrz wkdw xqghu wkh dowhuqdwlyh k|srwkhvlv wkh vwdqgdug htxdwlrqv lpso| wrr
uhvwulfwlyh frqvwudlqwv1 Kdnnlr dqg Uxvk +4<;<, dqg Gdkotxlvw dqg Mrqvvrq +4<<8,
wkhq sursrvh dq dowhuqdwlyh HFP wr htxdwlrq +:,1 Lq wklv uhsuhvhqwdwlrq/ wkh h{0srvw
whup suhplxp/ wkdw lv wkh vsuhdg ehwzhhq wkh fxuuhqw vsrw udwh dqg wkh sdvw iruzdug
udwh/ lv wkh huuru0fruuhfwlrq whup lq wkh g|qdplfv ri wkh fkdqjh lq wkh vsrw udwh1
Lw lv srvvleoh wr vkrz wkdw htxdwlrqv +;, dqg +<, duh qrw frpsdwleoh zlwk dq| HFP
ru uhvwulfwhg YDU iudphzrun1 Lqghhg/ xvlqj wkh whup vsuhdg dv dq huuru0fruuhfwlrq
whup zrxog phdq lqwurgxflqj hlwkhu wkh fkdqjh lq orqj0whup udwhv ru wkh fkdqjh lq
vkruw0whup udwhv dv rqh ri wkh yduldeohv ri wkh v|vwhp1 Exw htxdwlrq +;, lv edvhg rq
wkh fkdqjh lq wkh |lhog ri d orqj0whup erqg +qrw wkh fkdqjh lq wkh orqj0whup udwh/
h{fhsw lq wkh fdvh ri d frqvro erqg/ dv lq Fdpsehoo dqg Vkloohu/ 4<;:,> dqg htxdwlrq
+<, lv edvhg rq wkh fxpxodwlyh fkdqjh lq fxuuhqw dqg ixwxuh vkruw0whup udwhv +qrw wkh
fkdqjh lq wkh vkruw0whup udwh,1 Vr qrqh ri wkhvh vshfl￿fdwlrqv fdq eh uhjdughg dv sduw
ri dq HFP ru d uhvwulfwhg YDU1 Wklv uhvxow grhv qrw lpso| wkdw wkh vwdqgdug dssurdfk
lv lqydolg/ vlqfh xqghu wkh HK wkh vshfl￿fdwlrqv duh frqvlvwhqw zlwk wkh HFPv1 Exw
wkh| fdq eh udwkhu zhdn djdlqvw vrph dowhuqdwlyh k|srwkhvhv1 Dgglwlrqdo ghwdlov duh
jlyhq lq Vhfwlrq 71
615 Orqj0whup uhodwlrqvklsv
Dv lq Kdnnlr dqg Uxvk +4<;<, dqg Gdkotxlvw dqg Mrqvvrq +4<<8,/ zh hvwlpdwh xqlydul0
dwh HFPv lq zklfk wkh h{0srvw kroglqj suhplxp dqg wkh h{0srvw uroo0ryhu suhplxp
+rewdlqhg e| xvlqj wkh dfwxdo vhulhv lq +5, dqg +6,, dfw dv huuru0fruuhfwlrq whupv1
Dv vkrzq lq Vhfwlrq 5/ li lqwhuhvw udwhv duh qrq0vwdwlrqdu|/ wkh HK lpsolhv wkdw wkh
wkuhh suhpld duh frqvwdqw ryhu wlph1 Vr wkh h{0srvw suhpld duh vwdwlrqdu|/ vlqfh
h{shfwdwlrqv huuruv duh vwdwlrqdu| xqghu udwlrqdolw|1















| ￿ >& n 5&c|n?36 +45,
zkhuh 5￿c|/i r u￿ ’ sc￿c&/ lv wkh vxp ri wkh h{shfwdwlrqv huuru dqg/ srvvleo|/ wkh
h{shfwhg +vwdwlrqdu|, yduldeoh frpsrqhqw ri wkh ulvn suhplxp1 Xqghu wkh HK/ zh
gluhfwo| rewdlq wkdw B￿ ’￿dqg >￿ ’ )
E6c?￿
￿ 1 Wkhvh frqglwlrqv duh qhfhvvdu| exw qrw
vx!flhqw iru wkh HK wr krog/ vlqfh wkh h{shfwdwlrqv kdyh dovr wr eh udwlrqdo1 Wkh







































Lw lv fohdu wkdw wkhvh huuruv duh gluhfwo| h{suhvvhg dv d ixqfwlrq ri wkh h{shfwdwlrqv
huuruv/ zklfk vkrxog eh zklwh qrlvh xqghu udwlrqdo h{shfwdwlrqv1 Pruhryhu/ wkh huuru
whupv gh￿qhg lq +46, 0 +48, duh revhuyhg dw gl￿huhqw gdwhv= lq +46, dqg +47,/ wkh
huuruv vwhp iurp h{shfwdwlrqv dw | derxw |n?￿6 dqg |n6 uhvshfwlyho|> lq +48,/ wkh
huuru whup uhihuv wr h{shfwdwlrqv dw | derxw | n 6/ | n2 6/ 111/ | n? ￿ 61 Wkxv hyhq
xqghu udwlrqdolw|/ wkh huuru whupv 5￿c| lq +46, 0 +48, zloo qrw jhqhudoo| eh d zklwh qrlvh
surfhvvhv/ ehfdxvh ri wkh vwdqgdug ryhuodsslqj iruhfdvw krul}rqv sureohp18 Lw iroorzv
wkdw wkh frlqwhjudwlrq iudphzrun lv qrw zhoo dgdswhg wr whvw doo wkh lpsolfdwlrqv ri
wkh HK1 Lqghhg frlqwhjudwlrq +ru/ lq rwkhu zrugv/ vwdwlrqdulw| ri h{0srvw suhpld, lv
dq lpsolfdwlrq ri prvw ri wkh prghov ri wkh whup vwuxfwxuh/ dqg qrw vshfl￿fdoo| ri wkh
HK1 Iru h{dpsoh/ wkh ryhuuhdfwlrq k|srwkhvlv ru wkh yduldeoh suhplxp k|srwkhvlv duh
erwk frqvlvwhqw zlwk wkh vwdwlrqdulw| ri h{0srvw suhpld1 Wr eh frpsohwh/ frlqwhjudwlrq
krogv dv orqj dv erwk whup suhpld dqg h{shfwdwlrqv huuruv duh vwdwlrqdu|1
Vrph dxwkruv +Kdoo hw do1/ 4<<5/ Vkhd/ 4<<5/ Hqjvwhg dqg Wdqjjddug/ 4<<7, kdyh
xvhg wkh HFP iudphzrun wr vwxg| vrph corqj0uxq lpsolfdwlrqv* ri wkh HK zkhq pruh
wkdq wzr lqwhuhvw udwhv duh frqvlghuhg= lq d v|vwhp ri ￿ gl￿huhqw lqwhuhvw udwhv/ Kdoo
hw do1 vkrz wkdw wkh HK lpsolhv ￿ ￿ ￿ frlqwhjudwlrq uhodwlrqvklsv/ hdfk ri wkhp
ehlqj h{suhvvhg dv d vsuhdg ehwzhhq dq| lqwhuhvw udwh dqg wkh vkruwhvw udwh1 Qrwh
krzhyhu wkdw wkh| dlp wr whvw lpsolfdwlrqv rq wkh orqj0uxq g|qdplfv ￿qrw rq wkh ixoo
g|qdplfv￿ vlqfh wkh| gr qrw ghulyh doo wkh frqvwudlqwv lpsolhg e| wkh HK rq wkh HFP
sdudphwhuv +hvshfldoo| rq vkruw0uxq sdudphwhuv,1 Lq wkh iroorzlqj vhfwlrq/ zh ghulyh
doo wkh frqvwudlqwv ri wkh HK1
8Iru +46, dqg +48,/ wkh huuruv zloo kdyh d +q ￿ p￿4, PD frpsrqhqw dv vrrq dv q ￿pA4> iru
+47,/ wkh huuruv zloo kdyh d +p ￿4, PD frpsrqhqw dv vrrq dv pA41
<616 Huuru0fruuhfwlrq prghov
Wkh h{lvwhqfh ri wkh frlqwhjudwlqj uhodwlrqvklsv +43, ￿ +45, lpsolhv d voljkwo| pruh
frpsolfdwhg zulwlqj ri wkh HFPv wkdq lv xvxdoo| wkh fdvh1 Wkh htxdwlrqv +43, ￿
+45, uh hfw wkdw wkh ulvn0dgmxvwhg h{shfwhg uhwxuqv ri dowhuqdwlyh lqyhvwphqwv ryhu
wkh vdph krul}rq duh qrw gl￿huhqw1 \hw dw wlph | rqo| rqh ri wkh |lhogv lv shuihfwo|
nqrzq +wkh iruzdug udwh lq +43, dqg wkh }hur0frxsrq udwhv lq +44, dqg +45,,/ wkh
rwkhu |lhog ehlqj nqrzq diwhu ?￿6/ 6 dqg ?￿6 odjv uhvshfwlyho|1 Wkxv/ wkh rughuv
ri gl￿huhqwldwlrq pxvw eh frpsdwleoh zlwk wkh qxpehu ri shulrgv uhtxluhg iru wkh
huuru0fruuhfwlrq whup wr eh nqrzq dw wlph |/ dqg wkhuhiruh wr eh xqfruuhodwhg zlwk
wkh huuru whup xqghu udwlrqdo h{shfwdwlrqv1 Wkh HFPv dvvrfldwhg zlwk htxdwlrqv



































































zkhuh 0￿c|/ ￿ ’ s/ ￿/ &/ ghqrwhv wkh huuru whup1 Wkh OKV yduldeoh dqg wkh vhfrqg whup
rq wkh UKV duh vwdwlrqdu| li lqwhuhvw udwh ohyhov duh UE￿￿1 Pruhryhu li wkh HK lv ydolg/
wkh huuru0fruuhfwlrq whup/ zklfk lv wkh ￿uvw whup rq wkh UKV/ lv vwdwlrqdu|1 Wkxv/ li
B￿ lv dvvxphg wr eh nqrzq/ vwdqgdug whfkqltxhv fdq eh xvhg wr hvwlpdwh +49, ￿ +4;,
dqg wkh| jlyh frqvlvwhqw hvwlpdwhv ri @￿ dqg K￿/ ￿ ’ s/ ￿/ &1
Lw lv hdv| wr fkhfn wkdw vwdqgdug vshfl￿fdwlrqv dqg HFPv duh doo frqvlvwhqw zkhq
wkh HK krogv/ vlqfh lw lpsolhv q￿ ’￿lq +:, wr +<, dqg ￿@￿ ’ B￿ ’ K￿ ’￿lq +49,
wr +4;,1 Krzhyhu/ wkh vlwxdwlrq lv pruh frpsolfdwhg xqghu wkh dowhuqdwlyh1 Vwduwlqj
zlwk wkh HFP iru wkh iruzdug udwh +htxdwlrq +49,,/ lw lv fohdu wkdw/ diwhu d vlpsoh
uhrujdql}dwlrq ri wkh yduldeohv/ wkh vwdqgdug vshfl￿fdwlrq +:, lv lqfoxghg lq wkh HFP























n @s>s n 0sc|n?36
dqg wkh dgglwlrqdo uhvwulfwlrq Ks ’ ￿@s lv lpsrvhg e| wkh vwdqgdug vshfl￿fdwlrq +:,1
Vr li vsrw udwh dqg iruzdug udwh duh frlqwhjudwhg/ l1h1/ li wkh HFP lv wkh wuxh prgho/
lpsrvlqj wkh frqvwudlqw Ks ’ ￿@s zkhq hvwlpdwlqj wkh vwdqgdug uhodwlrqvkls fdq ohdg
wr d plvvlqj0yduldeoh eldv lq hvwlpdwlqj qs +Kdnnlr dqg Uxvk/ 4<;<,1 Wkdw lv wr vd|/
xqghu wkh dowhuqdwlyh/ htxdwlrq +:, lv wrr uhvwulfwlyh/ vlqfh lw lpsolhv wkdw wkh iruzdug
udwh kdv wkh vdph h￿hfw rq wkh vsrw udwh lq wkh vkruw uxq dqg lq wkh orqj uxq1 Wkh
eldv lv olqnhg wr wkh fruuhodwlrq ehwzhhq wkh vsuhdg +vsrw udwh0iruzdug udwh,/ zklfk
lv suhvhqw lq htxdwlrq +:,/ dqg wkh fkdqjh lq wkh iruzdug udwh/ zklfk lv plvvlqj1
43Iru wkh wzr rwkhu whvwv +edvhg rq wkh fkdqjh lq wkh orqj0whup udwh dqg wkh vkruw0
whup udwh,/ wkh vwdqgdug vshfl￿fdwlrqv fdqqrw eh gluhfwo| zulwwhq dv vshfldo fdvhv
ri wkh HFPv1 Qhyhuwkhohvv/ zkhq wkh |lhogv duh frlqwhjudwhg/ wkh g|qdplfv ri wkh
v|vwhpv frpsrvhg ri wkh gl￿huhqw |lhogv vkrxog eh zulwwhq dv HFPv dqg wkhuh lv d
srwhqwldo vshfl￿fdwlrq eldv iru wkh whvwv edvhg rq wkh vwdqgdug dssurdfk1
617 Wkh hpslulfdo uhvxowv
Zh kdyh ghulyhg wkh lpsolfdwlrqv ri wkh HK lq dq HFP iudphzrun/ vxssrvlqj wkdw
wkh h{0srvw suhpld duh doo vwdwlrqdu|1 Wdeoh 4 vkrzv wkh uhvxowv ri wkh DGI whvw
vwdwlvwlfv iru vwdwlrqdulw| ri h{0srvw ulvn suhpld1 Iru Jhupdq/ Iuhqfk/ dqg XN udwhv/
wkh suhpld duh doo vwdwlrqdu| zkdwhyhu wkh pdwxulwlhv1 Lq wkh fdvh ri XV udwhv wkh
qxoo ri qrq0vwdwlrqdulw| lv qrw uhmhfwhg rqo| iru wkh E￿c￿2￿0prqwk h{0srvw iruzdug
suhplxp dqg h{0srvw kroglqj suhplxp1 Wkxv h{0srvw suhpld fdq jhqhudoo| eh xvhg
dv huuru0fruuhfwlrq whupv lq wkh HFPv +49, ￿ +4;,1
Zh wkhq hvwlpdwh wkh wkuhh HFPv +49, ￿ +4;, iru hdfk sdlu ri pdwxulwlhv1 Wdeoh 6
vkrzv wkh hvwlpdwhv ri @￿ dqg K￿/ zklfk vkrxog htxdo ￿￿ dqg ￿ uhvshfwlyho| xqghu
wkh HK/ dqg wkh vljql￿fdqfh ohyho ri wkh I0whvw ri wkh mrlqw k|srwkhvlv ￿@￿ ’ K￿ ’￿ 1
Dv lq wkh fdvh ri vwdqgdug vshfl￿fdwlrqv/ s0ydoxhv duh frpsxwhg zlwk errwvwudsslqj
vlpxodwlrqv1
Qrwh ￿uvw wkdw wkh sdudphwhu hvwlpdwhv duh pxfk pruh forvh wr hdfk rwkhu dfurvv
vshfl￿fdwlrqv dqg frxqwulhv wkdq zlwk vwdqgdug vshfl￿fdwlrqv= iru ￿ ’ s/ ￿/ &/ @￿
lv ehwzhhq ￿￿￿2￿ dqg ￿f￿2e dqg K￿ lv ehwzhhq f￿f. dqg ￿￿eH/ zkdwhyhu wkh sdlu ri
pdwxulwlhv1 Zh wkxv fdq frqfoxgh wkdw wkh vljq sx}}oh kljkoljkwhg e| Fdpsehoo dqg
Vkloohu +4<<4, glvdsshduv1 Vhfrqg/ wkh HK lv pruh riwhq vxssruwhg e| wkh gdwd zkhq
wkh whvwv duh edvhg rq HFPv udwkhu wkdq rq wkh vwdqgdug dssurdfk1 Qhyhuwkhohvv/ XV
udwhv dqg Jhupdq udwhv duh vwloo srruo| h{sodlqhg e| wkh HK= zh duh xqdeoh wr uhmhfw
w k hH Kl qH ri ￿H fdvhv iru wkh XV udwhv dqg lq b ri ￿H fdvhv iru wkh Jhupdq udwhv1 Lw
lv lqwhuhvwlqj wr qrwh wkdw wkh zruvw uhvxowv duh rewdlqhg iru wkh iruzdug udwh uhodwlrq
+49,1 Wklv uhvxow lv frqvlvwhqw zlwk wkh whvwv edvhg rq wkh vwdqgdug vshfl￿fdwlrq/
zklfk lv qhvwhg lq wkh HFP1 Pruhryhu zh revhuyh wkdw wkh HK lv jhqhudoo| vxssruwhg
iru wkh kroglqj udwh uhodwlrq +4:,= wkh hvwlpdwhv ri @￿ dqg K￿ duh txlwh forvh wr ￿￿
dqg ￿ uhvshfwlyho|1
Iru Iuhqfk dqg XN udwhv/ wkh sdudphwhuv duh yhu| forvh wr wkh ydoxhv lpsolhg
e| wkh HK= @￿ lv ehwzhhq ￿f￿S dqg ￿￿￿2 dqg K￿ lv ehwzhhq f￿S dqg ￿￿￿1 Iru Iuhqfk
udwhv/ wkh HK lv qhyhu uhmhfwhg/ zkhuhdv iru XN udwhv wkh HK lv uhmhfwhg lq rqo| rqh
fdvh +wkh E￿c￿￿ frpelqdwlrq iru wkh iruzdug udwh uhodwlrq,1 Wkhvh hvwlpdwhv duh wkxv
vxssruwlyh ri wkh HK1
Hyhq zkhq wkh HK lv uhmhfwhg/ pruhryhu/ wkh hvwlpdwhv duh qrw yhu| idu iurp wkrvh
suhglfwhg e| wkh wkhru|1 Wkh pdlq h{fhswlrq wr wklv ryhudoo fodlp lv wkh whvw edvhg
rq iruzdug udwhv iru XV udwhv dqg/ wr d ohvvhu h{whqw/ iru Jhupdq udwhv1 Lq wkh XV
fdvh/ @￿ lv ehwzhhq ￿f￿2S dqg ￿f￿eS dqg K￿ lv ehwzhhq f￿f. dqg f￿eD> lq wkh Jhupdq
fdvh/ @￿ lv ehwzhhq ￿f￿2H dqg ￿f￿S2 dqg K￿ lv ehwzhhq f￿e. dqg f￿b￿1
447 Lqwhusuhwlqj wkh Uhvxowv
714 Frpsdulvrq ehwzhhq wkh vwdqgdug dssurdfk dqg wkh HFPv
Lq frpsdulqj wkh vwdqgdug dssurdfk dqg wkh HFPv/ lw lv qrwdeoh wkdw wkh vljq sx}}oh
eurdgo| glvdsshduv zlwk wkh odwwhu dssurdfk1 Lq wklv fdvh/ wkh hvwlpdwhv duh vlplodu
iru wkh kroglqj uhwxuq htxdwlrq dqg iru wkh uroo0ryhu uhwxuq htxdwlrq1 Wklv uhvxow lv
lqwhuhvwlqj/ vlqfh h{sodlqlqj wkh vljq sx}}oh kdv orqj ehhq dq rshq txhvwlrq1 Rxu
uhvxowv hqdeoh xv wr jlyh dq lqwhusuhwdwlrq ri wkh sx}}oh1
Dv douhdg| lqglfdwhg/ wkh frpsdulvrq ri wkh vwdqgdug dssurdfk dqg wkh HFPv
vkrzv wkdw wkh htxdwlrq edvhg rq iruzdug udwhv +:, lv wkh rqo| rqh qhvwhg lq dq HFP
+qdpho|/ htxdwlrq +49,,1 Krzhyhu/ htxdwlrqv +;, dqg +<, edvhg rq wkh whup vsuhdg
fdqqrw eh ylhzhg dv vshfldo fdvhv ri htxdwlrqv +4:, dqg +4;,1 Wklv lpsolhv wkdw d
vwulfw frpsdulvrq ehwzhhq wkh prghov lv rqo| srvvleoh lq wkh fdvh ri iruzdug udwhv1
Wdeohv 5 dqg 6 vkrz yhu| vlplodu uhvxowv iru erwk wkh vwdqgdug dssurdfk dqg wkh
HFPv zkhq wkh HK lv whvwhg iurp wkh iruzdug udwh htxdwlrq1 Vxfk d uhvxow lv qrw
vxusulvlqj/ vlqfh wkh qxoo dsshduv dv d vshfldo fdvh ri erwk dssurdfkhv1
Lq rughu wr lghqwli| wkh olqnv ehwzhhq wkh vwdqgdug dssurdfk dqg wkh HFPv pruh
suhflvho|/ vxssrvh wkdw ￿@￿ ’ K￿ lq wkh HFPv +4:, dqg +4;,19 Wkxv zh fdq zulwh wkh






















































Iurp wkhvh htxdwlrqv/ lw dsshduv wkdw wkh pdlq gl￿huhqfh ehwzhhq wkh wzr ds0
surdfkhv +li rqh vxssrvhv ￿@￿ ’ K￿ lq wkh HFPv, olhv lq wkh yduldeoh xvhg wr uhqghu
erwk vlghv ri wkh htxdwlrqv vwdwlrqdu|1 Lq +53, dqg +54,/ vwdwlrqdulw| lv dfklhyhg e|
xvlqj wkh orqj0whup udwh dqg wkh vkruw0whup udwh uhvshfwlyho|/ zklfk doorz wr lqwur0
gxfh wkh vsuhdg rq wkh UKV ri wkh htxdwlrq1 Dv d uhvxow/ wkh OKV yduldeoh lv qr
orqjhu gh￿qhg dv d fkdqjh lq d |lhog1 Rq wkh frqwudu|/ wkh UKV ri +55, dqg +56,
frqwdlqv dq dg0krf yduldeoh +vlplodu wr wkh fxuuhqw iruzdug0vsrw vsuhdg lq +:,,/ exw
wkh yduldeohv rq wkh OKV duh fohduo| gh￿qhg dv fkdqjhv lq d |lhog1
Wkh pdlq hpslulfdo gl￿huhqfh ehwzhhq wkhvh wzr dssurdfkhv lv wr gudpdwlfdoo|
fkdqjh wkh vljqdo0wr0qrlvh udwlr/ wkdw lv wkh udwlr ri vwdqgdug ghyldwlrq ri wkh OKV
yduldeoh wr wkh vwdqgdug ghyldwlrq ri wkh UKV yduldeoh/ zkhq +55, dqg +53, duh frq0
vlghuhg1 Wdeoh 7 uhsruwv wkh vljqdo0wr0qrlvh udwlrv iru htxdwlrqv +53, wr +56,1 Dv idu
dv htxdwlrq +53, lv frqfhuqhg/ wklv udwlr lv wkh orzhvw iru Iudqfh +ehwzhhq 2￿b dqg
e￿S/ ghshqglqj rq wkh pdwxulwlhv, dqg wkh odujhvw iru wkh XV +ehwzhhq ￿￿. dqg .￿H,1
Iru htxdwlrq +55,/ wklv udwlr lv idu orzhu/ ehwzhhq f￿b. dqg ￿￿￿S iru doo frxqwulhv1
9Lw lv fohdu wkdw/ zkhq ￿di @ ei/ +:, dqg +49, duh wkh vdph htxdwlrq1
45Rq wkh frqwudu| wkh vljqdo0wr0qrlvh udwlrv iru htxdwlrqv +54, dqg +56, uhpdlq doprvw
xqfkdqjhg= wkh| duh ehwzhhq ￿￿2 dqg 2￿e iru htxdwlrq +54, dqg ehwzhhq ￿￿2 dqg ￿￿D
iru htxdwlrq +56,1
Wkh orz yduldelolw| ri wkh vsuhdg frpsduhg wr wkh fkdqjh lq wkh |lhog ri wkh orqj0
whup vhfxulwlhv +53, hqdeohv wr h{sodlq erwk wkh odujh vwdqgdug ghyldwlrq ri q￿ dqg
w k hy h u |o r z 7 -2 +dv vkrzq lq Wdeoh 5,1 Wkhvh fkdudfwhulvwlfv ri wkh vwdqgdug whvw
edvhg rq wkh orqj0whup udwh glvdsshdu zkhq wkh whvw lv edvhg rq wkh kroglqj0shulrg
uhwxuq +Wdeoh 6,1
715 Frpsdulvrq ehwzhhq frxqwulhv
H{sodlqlqj wkh frxqwu| sx}}oh vwloo uhpdlqv dq lpsruwdqw txhvwlrq1 Zkhq wkh uhvxowv
rewdlqhg iurp wkh vwdqgdug vshfl￿fdwlrqv duh frpsduhg zlwk wkrvh iurp HFPv/ zh
￿qg wkdw wzr jurxsv ri frxqwulhv fdq eh glvwlqjxlvkhg1 Lq wkh ￿uvw jurxs +Iudqfh dqg
wkh XN,/ wkh HK lv qrw uhmhfwhg e| hlwkhu dssurdfk1 Lq wkh vhfrqg jurxs +wkh XV
dqg Jhupdq|,/ wkh HK lv jhqhudoo| uhmhfwhg xqghu erwk dssurdfkhv/ hyhq li whvwlqj
wkh HK zlwk HFPv jlyhv uhvxowv wkdw duh pruh idyrudeoh wr wkh wkhru|1
Jhuodfk dqg Vphwv +4<<:, vxjjhvw wkdw wkh idloxuh ri vwdqgdug whvwv iru vrph frxq0
wulhv rq Hxur0udwhv pd| eh gxh wr wkh odfn ri suhglfwdelolw| ri vkruw0whup lqwhuhvw udwhv
frxsohg zlwk d wlph0ydu|lqj ulvn suhplxp1 Wkh| vkrz wkdw wkh frxqwulhv iru zklfk
wkh vorsh sdudphwhuv duh wkh odujhu duh wkh frxqwulhv zklfk kdyh txdvl0￿{hg h{fkdqjh
udwh uhjlphv dqg kdyh h{shulhqfhg vshfxodwlyh dwwdfnv lq wkh iruhljq h{fkdqjh pdu0
nhw1 Wkh udwlrqdoh lv wkdw fxuuhqf| wxuprlov jhqhudoo| lpso| odujh dqg qhjdwlyh whup
vsuhdg dqg fxpxodwlyh fkdqjhv lq vkruw0whup udwhv/ jlylqj hvwlpdwhv ri q& forvh wr
xqlw|1 Wklv k|srwkhvlv frxog eh d jrrg fdqglgdwh wr h{sodlq rxu ￿qglqjv rq Iuhqfk
dqg XN gdwd/ vlqfh erwk frxqwulhv h{shulhqfhg vshfxodwlyh dwwdfnv gxulqj wkh shulrg
xqghu vwxg|1
Wr h{dplqh wklv dujxphqw/ zh fkhfn wkh vwdelolw| ri wkh sdudphwhuv ri erwk wkh
vwdqgdug vshfl￿fdwlrqv dqg wkh HFPv1 Wkh hvwlpdwhv vkrxog eh forvhu wr xqlw| gxulqj
vxeshulrgv zlwk vshfxodwlyh dwwdfnv1 Wklv lv grqh xvlqj uroolqj uhjuhvvlrqv ryhu 80
|hdu vxeshulrgv/ iroorzlqj Gdkotxlvw dqg Mrqvvrq +4<<8,1 Iljxuhv 4 dqg 5 glvsod|
wkh hvwlpdwhv ri wkh frh!flhqwv dqg <8 shufhqw frq￿ghqfh edqgv lq doo frxqwulhv iru
E6c?￿’E ￿ cS￿ prqwkv1 Rxu pdlq uhvxow lv wkdw wkh gl￿huhqfh ehwzhhq wkh wzr jurxsv
ri frxqwulhv vhhpv wr eh lqghshqghqw iurp prqhwdu| srolf| vkrfnv1 Lqghhg lq wkh XV
dqg Jhupdq|/ wkh vorsh hvwlpdwhv duh jhqhudoo| zhoo ehorz xqlw|= lq wkh XV fdvh/ wkh
fkdqjh lq wkh prqhwdu| rshudwlqj surfhgxuhv ri wkh Ihg gxulqj wkh 4<:<0;5 vxeshulrg
kdv edvlfdoo| qr h￿hfw rq wkh hvwlpdwhv/ zkhuhdv hvwlpdwhv duh forvhu wr xqlw| dw wkh
hqg ri wkh vdpsoh1 Iru Jhupdq| zh revhuyh wkh vdph jhqhudo sdwwhuq exw zlwk pxfk
vpdoohu vwdqgdug ghyldwlrqv1 Wklv lv wkh uhdvrq zk| wkh HK lv qrw uhmhfwhg iru wkh
XV E￿cS￿ frpelqdwlrq iru wkh wzr vshfl￿fdwlrqv edvhg rq wkh whup vsuhdg +htxdwlrqv
+;, dqg +<,,1
Frqfhuqlqj wkh vhfrqg jurxs ri frxqwulhv/ zh dovr ￿qg wkdw fxuuhqf| wxuprlov
jhqhudoo| lpso| d ghfuhdvh lq wkh vorsh sdudphwhuv/ udwkhu wkdq dq lqfuhdvh dv dujxhg
e| Jhuodfk dqg Vphwv +4<<:,1 Lqghhg/ wkh hvwlpdwhv duh doprvw dozd|v forvh wr xqlw|
h{fhsw lq 4<;4 +wkdw lv ryhu wkh 4<::0;4 vxeshulrg, dqg lq 4<<5 iru Iudqfh dqg iurp
464<<6 wr 4<<: iru wkh XN1 Lq wkh Iuhqfk fdvh/ wkh vshfxodwlyh dwwdfnv dvvrfldwhg zlwk
odujh lqfuhdvh lq vkruw0whup udwhv lpso| uhmhfwlrq ri wkh HK ryhu wkhvh shulrgv ri wlph
rqo|> wkh gudpdwlf ghfuhdvh lq wkh XN vkruw0whup udwhv ehwzhhq 4<<3 dqg 4<<6 ohdgv
wr d shuvlvwhqw uhmhfwlrq ri wkh HK1
Wklv uhvxow grhv qrw qhfhvvdulo| uhixwh wkh dujxphqw ri Jhuodfk dqg Vphwv/ exw wkh
olqn ehwzhhq txdvl0￿{hg h{fkdqjh0udwh uhjlph dqg qrq0uhmhfwlrq ri wkh HK pd| qrw
eh gluhfwo| frqqhfwhg zlwk vshfxodwlyh dwwdfnv1 Lq wkh fdvh ri Iudqfh iru h{dpsoh/
sduwlflsdwlqj wr wkh HPV pd| lpso| d vwurqjhu suhglfwdelolw| ri vkruw0whup udwhv/
zkrvh pryhphqwv duh uhvwudlqhg e| fxuuhqf| djuhhphqwv1 Wklv dujxphqw lv vlplodu
wr wkh rqh ghyhorshg e| Pdqnlz dqg Plurq +4<;9,1 Wkh| vkrz wkdw wkh uhmhfwlrq ri
wkh HK frxog eh gxh wr wkh yhu| orz suhglfwdelolw| ri vkruw0whup udwhv/ zklfk lv lpsolhg
e| wkh fuhglelolw| ri wkh prqhwdu| srolf| ri wkh fhqwudo edqn1 Frqyhuvho|/ txdvl0￿{hg
h{fkdqjh0udwh uhjlphv lpso| vrph suhglfwdelolw| ri vkruw0whup udwhv/ zkhq h{fkdqjh
udwhv frph forvh wr erxqgv/ vlqfh pdunhw sduwlflsdqwv h{shfw wkdw wkh fhqwudo edqn
zloo eh reoljhg wr lqwhuyhqh rq wkh iruhljq h{fkdqjh pdunhw dqg rq wkh prqh| pdunhw1
Jhupdq| kdv qrw ehhq lq vxfk d vlwxdwlrq ehfdxvh ri wkh ohdghu uroh ri wkh pdun1
8 Frqfoxvlrq
Wkh dlp ri wkh sdshu zdv wzrirog1 Iluvw/ zh sursrvhg dq dowhuqdwlyh dssurdfk wr
whvwlqj wkh HK/ zklfk wdnhv dffrxqw ri wkh srwhqwldo qrq0vwdwlrqdulw| ri lqwhuhvw udwhv
lq dq HFP iudphzrun1 Vxfk d surfhgxuh kdv douhdg| ehhq ghyhorshg wr whvw wkh
delolw| ri wkh iruzdug udwh wr iruhfdvw ixwxuh vsrw udwhv +Kdnnlr dqg Uxvk/ 4<;</
ru Gdkotxlvw dqg Mrqvvrq/ 4<<8,/ exw qrw wr vwxg| wkh delolw| ri wkh whup vsuhdg
wr iruhfdvw ixwxuh fkdqjhv lq lqwhuhvw udwhv1 Wkh HFP dssurdfk vhhpv pruh vxlwhg
wr whvw wkh HK/ vlqfh lw ghdov zlwk wkh frlqwhjudwlrq uhodwlrqvklsv ehwzhhq lqwhuhvw
udwhv1 Wkhvh orqj0uxq olqnv kdyh ehhq h{solflwo| xvhg iru h{dpsoh e| Fdpsehoo dqg
Vkloohu +4<;:/ 4<;;, lq d uhvwulfwhg YDU iudphzrun ru e| Kdoo hw do1 +4<<5, lq dq
HFP/ exw qrw wr vwxg| vlqjoh uhjuhvvlrqv1 Zh vkrz wkdw wkhvh HFPv duh qrw gluhfwo|
frpsdudeoh wr wkh vwdqgdug vshfl￿fdwlrqv sursrvhg e| Fdpsehoo dqg Vkloohu +4<<4,1
Pruh suhflvho|/ wkh gl￿huhqfh ehwzhhq wkh wzr dssurdfkhv lv uhodwhg wr wkh yduldeoh
fkrvhq wr uhqghu |lhogv lq wkh uhjuhvvlrq vwdwlrqdu|1
Vhfrqg/ zh whvwhg wkh HK iru XV/ Jhupdq/ Iuhqfk dqg XN Hxur0udwhv ryhu wkh
shulrg iurp 4<:8 wr 4<<:1 Frqfhuqlqj wkh vwdqgdug dssurdfk/ zh doprvw qhyhu uhmhfw
wkh wkhru| iru Iuhqfk dqg XN udwhv/ zkhuhdv zh jhqhudoo| uhmhfw wkh wkhru| iru XV
dqg Jhupdq udwhv1 Pruhryhu/ iru d jlyhq frxqwu|/ wkh gl￿huhqw vshfl￿fdwlrqv whvwhg
jhqhudoo| ohdg wr wkh vdph frqfoxvlrq1 Exw iru wkh XV dqg Jhupdq udwhv/ zh rewdlq
wkh vljq sx}}oh kljkoljkwhg e| Fdpsehoo dqg Vkloohu +4<<4,1
Wkh HFPv jlyh pxfk pruh vlplodu uhvxowv iru wkh wkuhh gl￿huhqw whvwv wkdq wkh
vwdqgdug vshfl￿fdwlrqv dqg wkh vljq sx}}oh glvdsshduv1 Krzhyhu wkh frxqwu| sx}}oh lv
qrw vroyhg/ vlqfh wkh HK lv vwloo uhmhfwhg iru wkh XV dqg Jhupdq|1 Jhuodfk dqg Vphwv
+4<<:, vxjjhvw wkdw sduwlflsdwlqj lq d txdvl0￿{hg h{fkdqjh udwh uhjlph +dv Iudqfh,
pd| h{sodlq wklv uhvxow1 D uhfxuvlyh dqdo|vlv ri wkh hvwlpdwhg sdudphwhuv vkrzv wkdw
wklv lqwhusuhwdwlrq pd| krog/ exw qrw gluhfwo| ehfdxvh ri wkh vshfldo uroh sodlg e|
vshfxodwlyh dwwdfnv1 Lqghhg odujh fkdqjhv lq vkruw0whup lqwhuhvw udwhv gxh wr fxuuhqf|
47wxuprlov +lq Iudqfh dqg lq wkh XN, jhqhudoo| lpso| d ghfuhdvh lq wkh frh!flhqw
hvwlpdwhv1 Sduwlflsdwlqj wr d txdvl0￿{hg h{fkdqjh0udwh uhjlph pd| uhlqirufh wkh
suhglfwdelolw| ri vkruw0whup udwhv dqg wkxv h{sodlq zk| wkh HK lv qrw uhmhfwhg iru
Iudqfh/ zkhuhdv lw lv uhmhfwhg iru Jhupdq|/ zkrvh prqhwdu| srolf| kdv qrw ehhq
frqvwudlqhg e| fxuuhqf| djuhhphqwv lq sudfwlfh1 Lw lv qrwhzruwk| krzhyhu wkdw wklv
dujxphqw khosv wr h{sodlq zk| wkh HK lv qrw uhmhfwhg iru vrph frxqwulhv/ exw qrw
zk| lw lv uhmhfwhg iru wkh rwkhuv1
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^4‘ Fdpsehoo/ M1\1 +4<<8, Vrph Ohvvrqv iurp wkh \lhog Fxuyh/ Mrxuqdo ri Hfrqrplf
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^8‘ Fxwkehuwvrq/ N1 +4<<9, Wkh H{shfwdwlrqv K|srwkhvlv ri wkh Whup Vwuxfwxuh=
Wkh XN Lqwhuedqn Pdunhw/ Hfrqrplf Mrxuqdo/ 439/ 8:;08<51
^9‘ Fxwkehuwvrq/ N1/ Kd|hv V1 dqg Qlw}vfkh G1 +4<<9, Wkh Ehkdylrxu ri Fhuwl￿fdwh
ri Ghsrvlw Udwhv lq wkh XN/ R{irug Hfrqrplf Sdshuv/ 7;/ 6<:07471
^:‘ Gdkotxlvw/ P1/ dqg Mrqvvrq/ J1 +4<<8, Wkh Lqirupdwlrq lq Vzhglvk Vkruw0
Pdwxulw| Iruzdug Udwhv/ Hxurshdq Hfrqrplf Uhylhz/ 6</ 4448044641
^;‘ Hqjoh/ U1/ dqg Judqjhu/ F1Z1M1 +4<;:, Frlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhs0
uhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj/ Hfrqrphwulfd/ 88/ 58405:91
^<‘ Hqjvwhg/ W1/ dqg Wdqjjddug/ F1 +4<<7, Frlqwhjudwlrq dqg wkh XV Whup Vwuxf0
wxuh/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4;+4,/ 49:04;41
^43‘ Hydqv/ P1G1G1/ dqg Ohzlv/ N1N1 +4<<7, Gr Vwdwlrqdu| Ulvn Suhpld H{sodlq Lw
DooB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 66/ 5;8064;1
^44‘ Idpd/ H1I1 +4<;7, Wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh/ Mrxuqdo ri Ilqdqfldo
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Prqh| dqg Ilqdqfh/ 49/ 63806541
^48‘ Kdnnlr/ F1V1/ dqg Uxvk/ P1 +4<;<, Pdunhw H!flhqf| dqg Frlqwhjudwlrq= Dq
Dssolfdwlrq wr wkh Vwhuolqj dqg Ghxwvfkhpdun H{fkdqjh Pdunhwv/ Mrxuqdo ri
Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ ;/ :8￿;;1
^49‘ Kdoo/ D1G1/ Dqghuvrq/ K1P1 dqg Judqjhu/ F1Z1M1 +4<<5, D Frlqwhjudwlrq Dqdo0
|vlv ri Wuhdvxu| Eloo \lhogv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :7/ 44904591
49^4:‘ Kdugrxyholv/ J1D1 +4<<7, Wkh Whup Vwuxfwxuh Vsuhdg dqg Ixwxuh Fkdqjhv lq
Orqj dqg Vkruw Udwhv lq wkh J: Frxqwulhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 66/
58805;61
^4;‘ Kdqvhq/ O1S1/ dqg Krgulfn/ U1M1 +4<;3, Iruzdug Udwhv dv Rswlpdo Suhglfwruv ri
Ixwxuh Vsrw Udwhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/ ;5<0;861
^4<‘ Kxuq/ D1V1/ Prrg|/ W1 dqg Pxvfdwhool/ Y1D1 +4<<8, Wkh Whup Vwuxfwxuh ri Lq0
whuhvw Udwhv lq wkh Orqgrq Lqwhuedqn Pdunhw/ R{irug Hfrqrplf Sdshuv/ 7:/
74;07691
^53‘ Mrulrq/ S1/ dqg Plvknlq/ I1V1 +4<<4, D Pxowlfrxqwu| Frpsdulvrq ri Whup0
Vwuxfwxuh Iruhfdvwv dw Orqj Krul}rqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5</ 8<0;31
^54‘ Pdqnlz/ Q1J1 +4<;9, Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv Uhylvlwhg/ Eurrnlqjv
Sdshuv rq Hfrqrplf Dfwlylw|/ 4/ 940<91
^55‘ Pdqnlz/ Q1J1/ dqg Plurq/ M1D1 +4<;9, Wkh Fkdqjlqj Ehkdylrxu ri wkh Whup
Vwuxfwxuh ri Lqwhuhvw Udwhv/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ 544055;1
^56‘ Pdqnlz/ Q1J1/ dqg Vxpphuv O1K1 +4<;7, Gr Orqj0Whup Lqwhuhvw Udwhv Ryhuuh0
dfw wr Vkruw0Whup Lqwhuhvw UdwhvB/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4/
55605751
^57‘ PfFxoorfk/ M1K1 +4<<3, X1V1 Jryhuqphqw Whup Vwuxfwxuh Gdwd/ lq Wkh Kdqg0
errn ri Prqhwdu| Hfrqrplfv/ yro1 4/ Iulhgpdq/ E1P1/ hw I1K1 Kdkq +hgv,/ Hovh0
ylhu1
^58‘ PfFxoorfk/ M1K1 +4<<6, D Uhh{dplqdwlrq ri Wudglwlrqdo K|srwkhvhv Derxw wkh
Whup Vwuxfwxuh= D Frpphqw/ Mrxuqdo ri Ilqdqfh/ 63/ ;440;631
^59‘ Plvknlq/ I1V1 +4<;;, Wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh= Vrph Ixuwkhu
Uhvxowv/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 6/ 63:06471
^5:‘ Qhzh|/ Z1N1/ dqg Zhvw/ N1G1 +4<;:, D Vlpsoh/ Srvlwlyh Gh￿qlwh/ Khwhurvfhgdv0
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^5;‘ Vkhd/ J1V1 +4<<5, Ehqfkpdunlqj wkh H{shfwdwlrqv K|srwkhvlv ri wkh Lqwhuhvw0
Udwh Whup Vwuxfwxuh= Dq Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv/ Mrxuqdo ri Exvlqhvv
dqg Hfrqrplf Vwdwlvwlfv/ 43/ 67:06991
^5<‘ Vkloohu/ U1M1 +4<<3, Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv1 Lq Kdqgerrn ri Prq0
hwdu| Hfrqrplfv/hgv1 E1P1 Iulhgpdq dqg I1K1 Pdkq/ Yro1 4/ Hovhylhu1
^63‘ Zklwh/ K1 +4<;3, D Khwhurvfhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru
dqg d Gluhfw Whvw iru Khwhurvfhgdvwlflw|/ Hfrqrphwulfd/ 7;/ ;4:0;6;1
4:Wdeoh 4= Xqlw urrw whvwv
Wkh Wdeoh suhvhqwv dxjphqwhg Glfnh| dqg Ixoohu w0vwdwlvwlfv ri wkh k|srwkhvlv
Mf G ) ’flq wkh iroorzlqj uhjuhvvlrq= {%| ’ >n)%|3￿n
S,
￿’￿w￿{%|3￿n￿|/ zkhuh %|
lv wkh lqwhuhvw udwh dqg ￿| lv wkh huuru whup1 Wkh rughu ri wkh dxwruhjuhvvlyh surfhvv/
,/ lv vhohfwhg lq rughu wr zklwhq wkh uhvlgxdov1 Wkh fulwlfdo ydoxhv duh iurp Ixoohu
+4<:9,1 @/ K dqg S lqglfdwh wkdw wkh vwdwlvwlfv duh vljql￿fdqw dw wkh 4(/ 8( dqg 43(
vljql￿fdqfh ohyho uhvshfwlyho|1
4;6c? Wkh XV Jhupdq| Iudqfh Wkh XN
Lqwhuhvw udwh
￿ ￿￿￿Dbb ￿2￿e￿. ￿￿￿H￿S ￿￿￿HHS
￿ ￿￿￿￿.f ￿2￿H￿b S ￿￿￿Dff ￿￿￿bS￿
S ￿￿￿S2H ￿2￿D.. S ￿￿￿De2 ￿￿￿bHf
￿2 ￿￿￿e￿2 ￿2￿SeH S ￿￿￿￿eD ￿2￿2b￿
Whup vsuhdg
￿c￿ ￿H￿￿2￿ @ ￿￿￿￿￿￿ K ￿H￿.e. @ ￿￿￿Hee @
￿cS ￿￿￿2H2 K ￿￿￿eSS @ ￿.￿D￿f @ ￿e￿Se. @
￿c￿2 ￿￿￿eHf @ ￿￿￿￿￿. K ￿S￿S￿. @ ￿e￿￿Hf @
￿cS ￿￿￿DHH @ ￿￿￿￿H2 K ￿￿￿￿bS K ￿D￿fSe @
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Sc￿2 ￿2￿DHf S ￿￿￿S.e @ ￿e￿￿bb @ ￿￿￿D.￿ @
Iruzdug0vsrw vsuhdg
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￿c￿2 ￿￿￿bHH ￿￿￿.S￿ @ ￿S￿H.S @ ￿￿￿￿SD K
Sc￿2 ￿2￿DHf S ￿￿￿S.e @ ￿e￿￿bb @ ￿￿￿D.￿ @
H{0srvw iruzdug whup suhplxp
￿c￿ ￿D￿f￿e @ ￿D￿.SS @ ￿D￿S￿f @ ￿D￿eb. @
￿cS ￿e￿￿2. @ ￿￿￿￿b￿ K ￿￿￿S2￿ @ ￿e￿bHS @
￿c￿2 ￿￿￿eb￿ @ ￿￿￿e2. K ￿￿￿.eH @ ￿e￿￿S￿ @
￿cS ￿e￿￿￿b @ ￿￿￿HeS @ ￿b￿￿￿f @ ￿e￿SbS @
￿c￿2 ￿2￿D￿￿ ￿￿￿f￿￿ K ￿D￿b.￿ @ ￿￿￿f￿e K
Sc￿2 ￿￿￿fe2 K ￿￿￿H.f @ ￿D￿D￿S @ ￿￿￿Sfe @
H{0srvw kroglqj whup suhplxp
￿c￿ ￿D￿eHe @ ￿S￿￿Hf @ ￿H￿.bH @ ￿D￿.DH @
￿cS ￿D￿￿ee @ ￿e￿2￿. @ ￿￿￿￿e￿f @ ￿D￿DHS @
￿c￿2 ￿S￿eH. @ ￿￿￿H2b @ ￿H￿￿ef @ ￿.￿￿SD @
￿cS ￿e￿￿￿b @ ￿￿￿HeS @ ￿b￿￿￿f @ ￿e￿SbS @
￿c￿￿ ￿e￿￿￿b @ ￿￿￿DeD @ ￿H￿￿.2 @ ￿D￿fSS @
Sc￿2 ￿￿￿fe2 K ￿￿￿H.f @ ￿D￿D￿S @ ￿￿￿Sfe @
H{0srvw urooryhu whup suhplxp
￿c￿ ￿e￿Hb￿ @ ￿D￿SDe @ ￿b￿fef @ ￿D￿HbD @
￿cS ￿D￿2￿￿ @ ￿e￿fS￿ @ ￿e￿222 @ ￿D￿2.. @
￿c￿2 ￿￿￿b￿￿ @ ￿￿￿￿.b K ￿e￿2D2 @ ￿e￿H￿. @
￿cS ￿e￿￿￿b @ ￿￿￿HeS @ ￿b￿￿￿f @ ￿e￿SbS @
￿c￿2 ￿2￿S￿2 S ￿￿￿2S￿ K ￿e￿.H￿ @ ￿e￿DHS @
Sc￿2 ￿￿￿fe2 K ￿￿￿H.f @ ￿D￿D￿S @ ￿￿￿Sfe @
4<Wdeoh 5= Hvwlpdwh ri Vwdqgdug Vshfl￿fdwlrqv
Wkh Wdeoh uhsruwv wkh hvwlpdwhv ri htxdwlrqv +51:, wr +51<,1 Wkh hvwlpdwhv uh0
odwh wr wkh shulrg 4<:80<:1 Wkh hvwlpdwhv ri wkh frqvwdqw duh qrw vkrzq1 Dv|pswrwlf
vwdqgdug ghyldwlrqv/ vkrzq lq sduhqwkhvhv/ duh fruuhfwhg iru ryhuodsslqj +Kdqvhq dqg
Krgulfn/ 4<;3, dqg iru khwhurvfhgdvwlflw| +Zklwh/ 4<;3,1 Wkh yduldqfh0fryduldqfh pd0
wul{ lv hvwlpdwhg dv vxjjhvwhg e| Qhzh| dqg Zhvw +4<;:,1 s0ydoxh lv wkh vljql￿fdqfh


































































































































































































54Wdeoh 6= Hvwlpdwh ri wkh Huuru0Fruuhfwlrq Prghov
Wkh Wdeoh uhsruwv wkh hvwlpdwhv ri htxdwlrqv +61:, wr +61<,1 Wkh hvwlpdwhv uhodwh wr
wkh shulrg 4<:80<:1 Wkh hvwlpdwhv ri wkh frqvwdqw duh qrw vkrzq1 Dv|pswrwlf vwdq0
gdug ghyldwlrqv/ vkrzq lq sduhqwkhvhv/ duh fruuhfwhg iru ryhuodsslqj +Kdqvhq dqg
Krgulfn/ 4<;3, dqg iru khwhurvfhgdvwlflw| +Zklwh/ 4<;3,1 Wkh yduldqfh0fryduldqfh
pdwul{ lv hvwlpdwhg dv vxjjhvwhg e| Qhzh| dqg Zhvw +4<;:,1 s0ydoxh lv wkh vljql￿0
fdqfh ohyho iru wkh whvw ri wkh mrlqw k|srwkhvlv ￿@￿ ’ K￿ ’￿ / edvhg rq errwvwudsslqj
vlpxodwlrqv +4333 vlpxodwhg vdpsohv,1
6c?
Htxdwlrq +61:,
@s Ks 7 -2
+v1h1, +v1h1, +s0ydo,
Htxdwlrq +61;,
@￿ K￿ 7 -2
+v1h1, +v1h1, +s0ydo,
Htxdwlrq +61<,


























































































@s Ks 7 -2
+v1h1, +v1h1, +s0ydo,
Htxdwlrq +61;,
@￿ K￿ 7 -2
+v1h1, +v1h1, +s0ydo,
Htxdwlrq +61<,
























































































56Wdeoh 7= Vljqdo0wr0qrlvh udwlrv
Wkh Wdeoh uhsruwv wkh vljqdo0wr0qrlvh udwlrv/ wkdw lv wkh udwlr ri wkh vwdqgdug
ghyldwlrq ri wkh OKV yduldeoh wr wkh vwdqgdug ghyldwlrq ri wkh UKV yduldeoh/ iru
htxdwlrqv +714, wr +717,1
6c? Vwdqgdug vshfl￿fdwlrqv HFPv
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